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ABSTRACT

We report the statistical properties of narrow coronal mass ejections (CMEs, angular width < 20◦) with
particular emphasis on comparison with normal CMEs. We investigated 806 narrow CMEs from an online
LASCO/CME catalog and found that (1) the fraction of narrow CMEs increases from 12% to 22% towards
solar maximum, (2) during the solar maximum, the narrow CMEs are generally faster than normal ones, (3)
the maximum speed of narrow CMEs (1141 km s−1) is much smaller than that of the normal CMEs (2604
km s−1). These results imply that narrow CMEs do not form a subset of normal CMEs and have a different
acceleration mechanism from normal CMEs.

INTRODUCTION

From January 1996 to December 2001, more than 5000 coronal mass ejections (CMEs) have been
observed by the Large Angle and Spectrometric Coronagraph (LASCO) on board Solar and Heliospheric
Observatory (SOHO). The median of apparent angular width in the LASCO C2 field of view is 50◦ (St. Cyr
et al., 2000), but angular width is widely distributed. CMEs with maximum apparent width of 360◦ are
known as “halo” CMEs which are actively investigated for space weather applications (Gopalswamy et al.
2000, St. Cyr et al. 2000, Webb et al. 2000). It has been thought that only fast and wide CMEs have
an important role in production of large solar energetic particles (SEPs, see e.g., Gopalswamy et al. 2002).
Kahler et al. (2001) reported that some impulsive SEP events were also associated with fast but narrow
CMEs. Narrow CMEs also may have an important role in impulsive SEP production or propagation to
the interplanetary medium, therefore it is important to understand the characteristics and origin of narrow
CMEs.

Normal CMEs are likely to have the well known three-part structure and they can be explained as due
to the expansion of flux tubes. In contrast, the narrow CMEs seem to be mass flows in vertical flux tubes.
Wang et al. (1998) investigated the solar surface counterparts of 27 jet-like CMEs observed above the polar
coronal holes (width ∼ 3◦ – 7◦) using the EUV Imaging Telescope (EIT) on board SOHO, and found that
these particular type of narrow CMEs were the outward extensions of EUV jets (see also, Wang and Sheeley,
2002). They also found that the leading edges of jet-like CMEs propagate at speeds of 400 – 1100 km s−1,
while the bulk of their material travels at around 250 km s−1. Gilbert et al. (2001) examined properties of
15 narrow CMEs and found that apparent speeds ranged from 159 – 630 km s−1. They also investigated
their surface associations and found that most narrow CMEs originate near a relatively sharp bend in a
polarity-reversal line. They concluded that there is no obvious difference between the narrow and normal
CMEs other than their appearance. However, little is known of the statistical properties of narrow CMEs
and the difference with those of normal CMEs. In this paper, we present the statistical properties (angular
width, speed, and location) of narrow CMEs to compare them with those of normal CMEs using an online
LASCO/CME catalog (http://cdaw.gsfc.nasa.gov/CME_list/).



IDENTIFICATION OF NARROW CME

In order to identify CMEs, we examined LASCO
running difference movies on the computer monitor.
We defined all transient moving features, for which
height-time measurements can be made as CMEs. The
online CME catalog contains almost all major CMEs
detected by the LASCO C2 and C3 coronagraphs.
However, we have missed many very faint and narrow
CMEs, since it is difficult to identify them. For exam-
ple, almost all 27 jet-like CMEs examined by Wang
et al. (1998) are not listed in the CME catalog since
they are vary faint and can be seen in only 1 – 3
LASCO images. We should say that we examined a
subset of narrow CMEs.

WIDTH DISTRIBUTION

Figure 1 shows distributions of apparent angu-
lar width from 1996 to 2001. Last bins (>180) include
halo CMEs. During solar minimum (1996 – 1997), the
shape of distributions was simple with a peak of ∼ 40◦.
During 1998 – 2000, bi-modal distributions were found
with peaks at ∼ 15◦ and ∼ 50◦. In 2001, the bi-modal
distribution disappeared. From the distributions dur-
ing the solar maximum, we defined the narrow CMEs
as those with angular width less than 20◦ (light bars in
Fig. 1); CMEs with angular width greater than 20◦ are
defined as normal CMEs (dark bars in Fig. 1). Note
that this definition is different from the previous stud-
ies. Gilbert et al. (2001) used a critical width of 15◦

and Wang et al. (1998) examined jet-like CMEs with
angular width of 3◦ – 7◦. The number ratio of narrow
and normal CMEs was 12% (57/474) during solar min-
imum (1996 – 1997) and 22% (440/2041) during solar
maximum (1999 – 2000). If a narrow CME occurred
just after a halo CME, it is quite difficult to identify
the narrow CME. Therefore, the number ratio during
solar maximum could be much higher.
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Fig. 1. Width distributions of narrow (light-
shaded) and normal (dark-shaded) CMEs from
1996 to 2001.

SPEED DISTRIBUTION

We measured the heliocentric distance of the leading edge of CMEs in each LASCO image, and obtained
CME’s height as a function of time. The height-time plots are then fitted to first order polynomials to
characterize the motion of the CMEs. The first order fit gives an average speed within the LASCO field of
view. We used this average speed even if the second order fit was more suitable.

Table 1 summarizes the annual variation of median (average) speeds for narrow and normal CMEs.
Solar cycle variation is clearly seen. The median (average) speeds during solar minimum (1996 – 1997) were
237 (269) km s−1 for narrow CMEs and 257 (299) km s−1 for normal CMEs. Though the data sample was
not large, the median speed of narrow CMEs was slightly lower than that of normal CMEs during solar
minimum. In contrast, during solar maximum (1999 – 2000), the median (average) speeds were 527 (545)
km s−1 for narrow CMEs and 429 (491) km s−1 for normal CMEs. Therefore, the median speed of narrow
CMEs was higher than that of normal CMEs.



Table 1. Speeds of Narrow and Normal CMEs
Year Narrow CME Normal CME

Median (Average) Median (Average)
1996 255 ( 270 ) km s−1 237 ( 269 ) km s−1

1997 220 ( 268 ) km s−1 268 ( 315 ) km s−1

1998 366 ( 390 ) km s−1 361 ( 423 ) km s−1

1999 559 ( 584 ) km s−1 422 ( 488 ) km s−1

2000 496 ( 528 ) km s−1 434 ( 495 ) km s−1

2001 442 ( 476 ) km s−1 393 ( 475 ) km s−1

Figure 2 shows the speed distributions from
1996 to 2001 for narrow (light bars) and normal
(dark bars) CMEs. The fractions in 100 km s−1

interval are plotted. We can clearly see that the
speeds of narrow and normal CMEs increased to-
wards solar maximum. For some CMEs, we could
not measure the CME speeds, therefore the num-
ber of events decreased compared to that used in
the width distribution.

During solar minimum, it is difficult to find any
difference between the shapes of narrow and normal
distributions because of the small sample size for
narrow CMEs. In contrast, during solar maximum,
several differences can be seen. (1) The speed dis-
tribution of narrow CMEs had a peak of 400 – 500
km s−1, while 300 – 400 km s−1 for normal CMEs.
(2) The population of narrow CMEs sharply de-
clined at higher speeds, while the distribution of
normal CMEs had a high speed tail. No narrow
CMEs with speed higher than 1200 km s−1 was
observed. The maximum speed of narrow CMEs
(1141 km s−1) was much lower than that of normal
CMEs (2600 km s−1).
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Fig. 2. Speed distribution for narrow (light-shaded)
and normal (dark-shaded) CMEs from 1996 to 2001.

LATITUDE DISTRIBUTION

The CME location (central PA) was defined as the mid angle between two side edges. To investigate
CME locations easily, we converted the CME location to the apparent heliographic latitude (see Gopalswamy
et al. 2003). Figure 3 shows distributions of apparent latitude from 1996 to 2001 for narrow (light bars)
and normal (dark bars) CMEs. During solar minimum, almost all CMEs occurred around the equator. The
difference between narrow and normal CMEs was not clear because the number of narrow CMEs was too
small. In 1998, the distributions for both narrow and normal CMEs became wider. During solar maximum
(1999-2000), narrow CMEs appeared at all latitudes, similar to normal CMEs. A peak in figure 3e results
from repetitive narrow CMEs at the same location. Six narrow CMEs occurred at PA of 70◦ from November
3 to 6, 2000. The distributions for both narrow and normal CMEs were consistent with the distribution of
streamers. No significant difference was found between narrow and normal CMEs in the latitude distribution.



SUMMARY DISCUSSION

We investigated 806 narrow (width < 20◦)
CMEs to compare with 4311 normal (width > 20◦)
CMEs and found the following. The population of
narrow CMEs increased towards solar maximum.
Narrow CMEs were ejected approximately from the
equatorial region during solar minimum, while dur-
ing solar maximum narrow CMEs originated from
all latitudes (similar to normal CMEs). No signif-
icant difference was found in the latitude distribu-
tion. Average speeds of narrow CMEs increased
towards solar maximum from 300 km s−1 to 550
km s−1. During solar maximum, the median speed
of narrow CMEs was greater than that of normal
CMEs, while the maximum speed of narrow CMEs
was much smaller than that of normal CMEs.

Wang et al. (1998) examined the low-corona
counterparts of 27 narrow CMEs and found EIT
jets in all cases. Their jet-like CMEs have angular
widths of ∼ 3◦ – 7◦, the leading edge speed of 400 –
1100 km s−1, and bulk flow speed of ∼ 250 km s−1.
The speed of leading edge is consistent with our
results. Shimojo and Shibata (2000) investigated
X-ray jets observed by Yohkoh satellite. The speed
of X-ray jets ranges from 10 – 1000 km s−1 similar
to that of the narrow CMEs. However, the average
speed of X-ray jets is only 200 km s−1, much lower
than that of narrow CMEs. Note that Shimojo and
Shibata concluded that the origin of X-ray Jet is
evaporation flow results from flare heating due to
magnetic reconnection.
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Fig. 3. Latitude distribution for narrow (light-shaded)
and normal (dark-shaded) CMEs from 1996 to 2001.
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